The rat monosynaptic reflex shows marked depression in response to repetitive stimulation of low frequency, which is called 'low frequency depression'. The site and the mechanism of this depression was studied and discussed in relation to the characteristic features of the rat spinal cord.
1) The depressive effect of the repetitive stimulation is referable to the motoneurons invaded by the impulses, regardless of number of the mediating synapses, and not by some inhibitory agent on the outside of the impulse circuit.
2) Therefore, in the outlook a synchronous wave showed more marked depression than a dispersed wave, which explained the eminence of the depression of monosyn aptic reflex.
3) The depression was caused by two factors: cessation and delaying of a unit discharge in terms of unit activity.
The delaying consists of two factors: gradual retreat of firing point owing to reduced EPSP and the skipping from insufficient EPSP to succeeding EPSP. 
MATERIALS AND METHODS
Sixty adult albino rats (Toms strain) weighing 250-500g were used. They were anesthesized mainly with 40mg/kg pentobarbital sodium (Nembutal), or in a few oases with 4ml/kg urethane (25%), injected intraperitoneally. The trachea was opened and cannulated. The artificial respiration was made except for some rats which were left to breathe naturally. The spinal cord was transected at the lower thoracic level, except for some animals in which the central nervous system was left intact. The lumbar spinal cord was exposed. Under the binocular microscope, the dorsal and ventral roots of L4, L5 and L6 segments were identified and dissected out. The sciatic nerve receives its constit uent fibers mainly from L5 and partly from L4 and L6.10 At the same time, the sciatic branches distributed in the lower hind-limb such as the tibial, common peroneal, sural, medial and lateral branches of the gastrocnemius and a cutaneous nerve destined to the lateral surface of the thigh, were cut as peripherally as possible. The skin edges of the wounds were raised and fastened to a wire ring to make an opening into which warmed liquid paraffin was poured. The paraffin pool was warmed by radiant heat from an infra-red lamp and the temperature of the animal was maintained by a heating pad in serted under the stomach. The anesthetic was intermittently added during the experi ment at a rate of one-fourth of initial dose The reflex potential was mainly recorded from the central cut-end of L5 ventral root. Unit discharge was led off from a thin filament freed from the main trunk of ventral root by fine forceps under a binocular microscope. For recording and stimulation, mainly platinum bipolar electrodes and some times silver bipolar electrodes were employed. For stimulation, a square wave pulse having 0.1-0.2 msec in duration was delivered from an electronic stimulator (MSE-3 Nihonkohden). For repetitive stimulation, the frequency of stimulation from 0.1 to 10 cps was mainly used, the error due to reading out the frequency from the dial gauge being within 5%. The action potential picked up was fed to a condenser-coupled amplifier with a time constant of 0.03 sec (AVB-1 Nihonkohden), displayed on two-beam CRO (VC-6 Nihonkohden), and photographed with a long recording camera. The sweep circuit of the CRO was triggered by the stimulator. Fig. 1 . The stimulation progresses from bottom upward.
It should be noted that the reduction in the amplitude of monosynaptic reflex is drastic at initial two or three sweeps and becomes constant thereafter.
The more the stimulation progresses, the more is the latency delayed and the more is the duration of the monosynaptic reflex wave prolonged. The experiment on the animals in which the central nervous system was left intact, showed the de pression substantially the same in nature, although in this case the depression was less severe and the amplitude variation was large. Thus, it is clear that the low frequency depression in the rat monosynaptic reflex, in essence, was scarcely influenced by the loss of supraspinal input due to the cord section. and for the dorsal root stimulation (Figs. 2 and 3) . The depression was far more drastic in rats (spinalized) than in cats (decapitated) (Fig . 3) The facts that the depression was invariable, whether the repetitive stimulation was applied to a muscle nerve or a dorsal root, or whether the stimulus intensity was strong or weak, suggest that the high threshold fibers of cutaneous or muscular nerve were not responsible for the depression. To testify whether the fibers intermediate in caliber spectrum in a muscle nerve (cf. Kaizawa and Takahashi10) are responsible for the low frequency depression, the depression was compared between the outcomes obtained with the extensor nerve and those with the flexor nerve (Fig. 4) . The depression was found to be substantially the same in both cases, whether the shock strength was supraliminal or supramaximal. It is concluded now that the depression is not caused by some inhibitory agent on the outside of monosynaptic circuit, but that the depression takes place somewhere on the line of monosynaptic circuit and is caused by some element contained in monosynaptic circuit itself. The solid line: the shock is supra maximal.
The dashed line: the shock is supraliminal.
As the extensor and the flexor nerves, tibial and peroneal nerves were chosen respectively. Thus, all the reflex components are more or less subject to the depressive effect of the repetitive stimulation, regardless of the path taken by them. The more marked depression in a synchronous wave than in a dispersed one is due to the fact that in the former, the dispersion of motoneuron firing caused by the repetitive stimulation leads to more pronounced reduction in amplitude than in the latter. That is to say, although the depressive effect by the repetitive stimula tion is referable to the elements in the spinal cord invaded by the impulses diffusely, the depression stands out more clearly in a synchronous potential. be synthesized from the firing pattern of many individual motoneurons in response to repetitive stimulation. In Fig. 6 , the firing rates of individual motoneurons are plotted as a function of stimulus frequency in logarithmic scale. The moto neurons fired constantly in full until a certain frequency (boundary frequency) was reached, over which the firing rate fell rapidly and reached its minimum value soon. This narrowness of the range in stimulus frequency giving intermediate firing rate was a consistent finding throughout our experiment on unit activity, as far as the number of delivered stimulating pulses was limited below twenty. It is our impression that there is a transient powerful decrease in unit activity at the initial twenty to thirty volleys and thereafter a more or less constant state of activity ensues, without any notable relation with stimulus frequency. This transient powerful decrease in cell activity was most conspicuous at the second to fourth volleys, which is related to the fact that the most remarkable depression in the compound monosynaptic reflex was frequently observed at the second to fourth volleys rather than at more progressed volleys. The other factor, the temporal dispersion of unit discharge also plays an import ant role in the depression of mono-and polysynaptic reflex by repetitive stimulation (Fig. 7) . At the stimulation of 0.2 cps, the latencies of the unit remained almost invariably at 4.3 cosec, while when the unit was stimulated at 2 cps , its latency was gradually delayed at first to reach another constant line of about 4.8 msec as will be shown later. Further augmentation of the repetition rate to 5 cps aboli shed the discharge completely after the initial four volleys , in which the gradual delay of the spike latency was observed more conspicuously. This gradual delaying of the spike latency was most clearly observed in the intracellular record of another motoneuron (the left-hand photograph in Fig. 7 ). This motoneuron was consider ably resistive to repetitive stimulation but the attitude to repetitive stimulation To elucidate the site of depression on the line of monosynaptic circuit, Beswick and Evanson6 compared the amplitude change of the cat monosynaptic reflex homo synaptically conditioned and that heterosynaptically conditioned. From the failure of the depression after heterosynaptic conditioning, they concluded that the depression took place at presynaptic terminals and pointed out the depletion of transmitter as a possible cause. As a follow-up study, the test of rat mono synaptic reflex with homo-and heterosynaptic combination was performed, using lateral and medial branches of the gastrocnemius. It was found unsuccessful since the nerve stretch for stimulation was too short to avoid stimulation of other nerves with spreading current. But the presynaptic origin of the depression was completely affirmed by intracellular recording, in which it was consistently found that a motoneuron ceased to fire orthodromically, when monosynaptically activated, in response to the low frequency stimulation of 5-10 cps, whereas it continued to fire antidromically as high as 100 cps without delaying. So, the two factors responsible for the depression: 1) the cessation of, and 2) the gradual delaying and instability of spike discharge were not attributable to some mechanism proper to motoneuron, such as afterhyperpolarization.
These were caused by the reduced synaptic convergence. This is clearly seen in Fig. 8 , which shows the reduction of summed EPSP as the stimulation is raised. As seen in the in tracellular record, the deflection points on EPSPs signaled by the crosses are parallel and separated at about the same distance from each other, 1 cosec, which shows that there is the synchronous synaptic convergence on motoneuron surface at each deflection point, and between neighboring deflection points, it seems that one synaptic delay intervenes. Turning to the right hand graph, at 0.5 cps stimula tion the motoneuron fired two times in repetition, and the first spike started with a pause after the second deflection point of EPSP. At 1 cps stimulation, the first spikes advanced a little to fire at the same time with the start of the second deflection, possibly disynaptically drived EPSP, while the second spikes delay progressively until they disappeared. Further increase of the stimulus frequency to 2 cps made the onset of the first spike delay as far as well after the third deflec tion point, and at 5 and 10 cps stimulation, the spike generation occurs at the fourth deflection point. At these repetitive stimulations the second spikes can never be seen except in the first response. The recurrent effect on the segmental monosynaptic reflex is illustrated in Fig. 9 . The severity of the depression of the rat monosynaptic reflex compared with that of the cat may be due to a poor functional connection between primary afferent collaterals and motoneurons in the rat.9 This frailty of the rat mono synaptic connection may be responsible for the easiness with which the synaptic efficacy is reduced in response to the repetitive stimulation, and for the presence of post-tetanic depression.
In this connection, it is interesting to note that the rat monosynaptic reflex shares various common properties with the kitten monosyn aptic reflex where monosynaptic connection is still in immature state. 8 But on what anatomical basis this frailty of the rat monosynaptic connection rests remains unsolved (cf. Kaizawa and Takahashi9 
